C onduction disturbance has been reported during rapid eye movement (REM) sleep in normal subjects, in particular young healthy subjects, and it has been suggested that this is associated with enhanced parasympathetic activity. 1 In cases with severe obstructive sleep apnea syndrome (OSAS), atrioventricular (AV) block has sometimes been observed during both REM and non-REM sleep.
C onduction disturbance has been reported during rapid eye movement (REM) sleep in normal subjects, in particular young healthy subjects, and it has been suggested that this is associated with enhanced parasympathetic activity. 1 In cases with severe obstructive sleep apnea syndrome (OSAS), atrioventricular (AV) block has sometimes been observed during both REM and non-REM sleep.
2 There are several reports of AV block during the phasic events of REM sleep in patients with no or mild OSAS. 3, 4 It has been proposed that such AV block should specifically be called REM-sleep-related AV block.
3 However, the mechanisms for such AV block remain unclear.
We report a case with severe OSAS who presented with 2:1 AV block only during the phasic events of REM sleep.
Case RepoRt
A 67-year-old man was admitted to our hospital for evaluation of habitual snoring and excessive daytime sleepiness. There was no history of any cardiovascular diseases, and no abnormalities were detected on a previous electrocardiogram. The patient had never been athletic, either in his youth or more recently. The physical examination was normal except for obesity (body mass index, 26.1 kg/m 2 ) and slightly elevated blood pressure (143/92 mm Hg). The admission electrocardiogram showed regular sinus rhythm with a heart rate of 62 per minute. Laboratory tests revealed no electrolyte disorder.
The initial polysomnogram showed an apnea-hypopnea index of 37.3 events per hour (consisting of 100% obstructive events) and an arousal index of 40.3 events per hour. Based on these results, the patient was diagnosed as having severe OSAS. Furthermore, apnea and hypopnea were present both in non-REM and REM sleep. Of note, the 2:1 AV block was documented only during phasic events of REM sleep (Figure 1a) . Subsequently, to titrate the continuous positive airway pressure (CPAP), a second polysomnogram was performed with the patient on CPAP. Both the apnea-hypopnea index and the arousal index were reduced to 1.1 and 9.7 events per hour, respectively, on CPAP. Nevertheless, the 2:1 AV block persisted (Figure 1b) . No significant abnormalities were observed on echocardiographic or electrophysiologic study. Heart rate variability (HRV) during polysomnogram was analyzed using commercially available software for frequency domain analysis of heart rate variability (R-R Interval Analysis, NoruPro Light Systems., Japan), which estimates the spectra using the MemCalc method; the low-frequency (LF; 0.04 Hz-0.150 Hz), high-frequency (HF; 0.150 Hz-0.400 Hz), and LF to HF power (LF/HF) ratio were calculated. In general, HF reflects parasympathetic activity, LF reflects both parasympathetic and sympathetic activity, and the LF/HF ratio reflects sympathetic 
Patients with obstructive sleep apnea syndrome (OSAS) sometimes have atrioventricular (AV) block during sleep. However, significant resolution of such AV block with treatment for OSAS has been reported. On the other hand, during rapid eye movement (REM) sleep, conduction disturbances not associated with the apnea event can be observed, particularly in young healthy subjects. We report the case of a 67-year-old man with severe OSAS and 2:1 AV block that occurred only during the phasic events of REM sleep; continuous positive airway pressure (CPAP) treatment did not result in resolution of the AV block.
No specific abnormalities were found on cardiac evaluation. Based on the analysis of overnight heart rate variability, CPAP treatment resulted in a markedly reduced ratio of low-frequency to high-frequency power and an increased high-frequency power, though high-frequency power was not increased during REM sleep on CPAP. Keywords: obstructive sleep apnea syndrome, heart rate variability, ratio of low frequency to high frequency, continuous positive airway pressure Citation: Kawana F; Kasai T; Maeno KI; Momomura SI; Narui K. Atrioventricular block during the phasic events of REM sleep in a patient with severe obstructive sleep apnea syndrome.
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activity. In this case, each 2 minute of recording were used as a window for HRV analysis, and HRV showed a markedly reduced LF/HF ratio and an increased HF power on CPAP during awakening, total sleep, and non-REM sleep, whereas the HF power was not increased during REM sleep on CPAP (Figure 1c ). The Holter electrocardiogram showed no episodes of AV block during the day, and the patient did not complain of any symptoms. Therefore, the patient was not given specific treatment for 2:1 AV block.
DisCussion
Although patients with OSAS sometimes have AV block during sleep in association with an apnea event, significant resolution of such AV block with treatment of the OSAS has been reported. 5, 6 On the other hand, during REM sleep, AV block can be observed, particularly in young healthy subjects.
1 It was initially thought that the AV block seen in the present patient was primarily associated with OSAS, since the patient had severe OSAS and was not a young athlete. Therefore, as has been previously reported, one would have supposed that CPAP would have been an effective treatment for AV block. 5, 6 However, the patient's 2:1 AV block during phasic events of REM sleep continued even on CPAP. The laboratory data and echocardiographic and electrophysiologic studies ruled out an electrolyte disorder and an abnormality of the cardiac conduction system. Therefore, this patient appeared to have REM-sleep-related AV block, quite similar to that reported by Osuna et al. 3 They reported one case with mild OSAS who had complete AV block only during phasic events of REM sleep, and, as in the present case, the complete AV block did not improve with CPAP treatment. On the other hand, Janssens et al 4 have reported non-OSAS cases of REM-sleeprelated bradyarrhythmia with decreased sympathetic tone and increased parasympathetic tone during REM sleep. In the present patient, both the LF/HF ratio and the HF power were greater during REM sleep than during non-REM sleep. In addition, the LF/ HF ratio was reduced and the HF power was increased with the patient on CPAP during awakening, total sleep, and non-REM sleep. This may indicate that sympathetic tone was reduced and parasympathetic tone was increased during these periods with the patient on CPAP. However, the HF power was not increased during REM sleep on CPAP; this may indicate that parasympathetic tone was not increased during REM sleep with the patient on CPAP. These findings may indicate that AV block during REM sleep, which was observed even when the patient was on CPAP, was not provoked by enhanced parasympathetic tone. Although, the specific mechanisms for such AV block remain unclear, the present report highlights the existence of REM-related AV block that is not resolved by CPAP in nonathletic older patients with severe OSAS. 
ReFeRenCes
Figure 1c-Heart rate variability during diagnostic polysomnography and during polysomnography with the patient on CPAP. CPAP increased the high-frequency (HF) power during awake, non-REM, and the total night but not during REM sleep. However, CPAP reduced the low-frequency (LF)/HF ratio during REM sleep. 
